Abstract-Bamboo based activated carbon (AC) was modified by attaching silver (AC-Ag) and copper (AC-Cu) nano-particles to reduce the low-concentration of formaldehyde in air. Batch isotherm tests were performed to determine the adsorption capacity of each activated carbon. At equilibrium concentration of 8 ppm, AC-Cu adsorbed 29% higher amount of formaldehyde as compared to the original AC. The highest loading amount was obtained for AC-Ag, being around 0.425 mg/g AC-Ag. The concentration of formaldehyde removed by the AC-Ag was 1.6 times higher than the virgin AC at the same equilibrium concentration.
I. INTRODUCTION
Gaseous formaldehyde is one of the major indoor gaseous pollutants. This volatile organic compound is emitted from the paint, decoration materials, binder of furniture, principal ingredients of cigarette smoke, disinfectants, and preservatives. Formaldehyde at low concentration can cause irritation of eyes and noses at about 1 ppm, difficult breathing at about 10 ppm, injury of respiratory organs at about 40 ppm, and asphyxia above 80 ppm. Even, formaldehyde can also result in nasopharyngeal cancer (based on small number) and eventually death [1] , [2] . Therefore, technology development, especially in the area of formaldehyde removal becomes an important task for a better human living.
Activated carbon adsorption is thought as one of the most common methods for the removal of formaldehyde in air. Studies on adsorptions of formaldehyde gas on activated carbon have been conducted by several researchers. Activated carbon used were varied in their studies including rayon-based activated carbon fibers [3] , [4] , activated carbons from coffee residue [5] , activated carbons modified with organosilane solution [6] and hexamethylene diamine [7] , activated carbon derived from sewage sludge [8] , and activated carbon produced from electrospun polyacrylonitrile nanofiber [9] .
An interesting fact was that Shin and Song [10] nano-particles dispersed on granular coal-based activated carbon to effectively remove formaldehyde from air. It was believed that silver nano-particles could improve the adsorption of formaldehyde on activated carbon through two reasons, i.e. oxidation potential and larger specific surface area. Silver also possesses high applicability for use of controlling indoor air due to its non-toxic feature.
Despite its several advantages, silver is still considered as a precious metal. Alternatively, cheaper metal such as copper can also be used to adsorb formaldehyde in air. Copper is not only cheaper than silver, but also possesses higher oxidation potential. In addition, copper impregnated activated carbons have been used to adsorb CO [11] and H 2 S [12] in previous studies. As a result, we decided to perform studies on the adsorption capacity of gaseous formaldehyde on both silver and copper nano-particles impregnated on activated carbon.
The differences of Shin and Song work [10] with our experimental work were that we used low concentration of gaseous formaldehyde, which is more applicable for controlling indoor air pollution, and we used bamboo based activated carbon (AC). Since we used different activated carbon, combined, their data and ours could be used to confirm the mutual viability of the two experimental results.
Selection of bamboo as raw material for our activated carbon was based on the consideration that waste bamboo is abundantly available from the furniture factories especially in Asian countries and its carbon content is reasonably high. High carbon content is a preferable property of the starting carbonaceous material to be used for the production of activated carbon. The carbon content of our bamboo (Dendrocalamus asper) is about 44%.
In this study, silver nano-particles or copper nano-particles were attached onto the surface of AC, (AC-Ag) or (AC-Cu). The AC-Ag or AC-Cu was evaluated for the removal of formaldehyde, the target indoor air pollutant at room temperature. We used the Langmuir"s model to demonstrate its ability to correlate the experimental data. Furthermore, the parameters obtained in the Langmuir"s model were also evaluated. ratio of carbonized bamboo to KOH was 1:3. The mixture was dehydrated at 200 o C until it formed slurry and subsequently activated in a tube-type electronic heating furnace in the presence of nitrogen gas with flow rate of 200 mL/min. The heating rate was 10 º C/min and continued until the final temperature of 800 º C was reached. The activation was maintained at 800 o C for 1 h. After activation, the product was washed with 5 N HCl followed by rinsing with distilled water several times until the pH of the washing effluent was 6-7. The produced activated carbon was then dried at 105 o C for 12 h and grinded into 200 mesh prior to characterization and adsorption study.
II. PROCEDURE

A. Sample Preparation
B. Synthesis of AC-Ag
The silver nano-particles were synthesized in reduction process similar to Gaedhi"s method [13] . In this case, 4 mL of 0.1 M AgNO 3 was added into 1 L of an aqueous solution 0.15 wt% of the soluble starch and vigorously stirred for 1 h under inert atmosphere. The pH of resulting solution was adjusted to 8.0 by adding a 0.1 M NaOH solution. The mixture was maintained at 50 o C for 24 h and the color of the reaction solution became yellow.
In the next step, silver nano-particles solution was mixed with 107.9 g of activated carbon in a 1 L flask under magnetic stirring for up to 24 h, resulting in the deposition of about 4 wt% of silver nano-particles on AC. The AC-Ag was filtered and extensively washed with distilled water. The AC-Ag was generally dried at 105 o C for 12 h.
C. Synthesis of AC-Cu
The synthesized activated carbon was impregnated with an aqueous solution of Cu(NO 3 ) 2 . The amount of copper was arranged at 4 wt% with respect to the activated carbon. The mixture was dried at 105 o C for 24 h and reduced in a tube-type electronic heating furnace in hydrogen flowrate of 100 L/min. The heating rate was 10 o C/min and continued until the final temperature of reached 500 o C and subsequently cooled to room temperature. Through this process, copper nano-particles would be attached on the activated carbon (AC-Cu). The AC-Cu was washed with distilled water and dried at 105 o C under atmosphere for 12 h.
D. Characteristics
Brunauer, Emmett and Teller (BET) surface area was determined using a specific surface analyzer (Quantachrome NOVA 1200e). The shape and surface morphology of the nano-particles were investigated by Scanning electron microscopy (SEM) images were obtained using a JEOL KSM-6390A with an accelerating voltage of 20 keV. Scanning was performed in situ on a powder sample. SEM with energy-dispersive X-ray (EDX) analysis was done at 5 K magnifications. Transmission electron microscopy (TEM) images were obtained using a JEOL JEM-1400. Another stream of air flowed through the second flow-meter to adjust the concentration of formaldehyde desired in the mixing chamber. Both streams of air containing formaldehyde and pure air met in the packed-bed water adsorber filled with KOH to adsorb all water in the streams. The formaldehyde concentrations were measured using gas chromatography equipped with a flame ionization detector (GC/FID, Shimadzu GC-2014). 
E. Formaldehyde Gas Preparation
F. Adsorption Isotherm
Isotherm tests were conducted similar to the work by Shin and Song [10] . The isotherm tests were conducted by adding about 0.2 g activated carbon and formaldehyde at various gas-phase concentrations into a 10 mL glass bottle equipped with silicon sealed. The bottles were maintained at 25 o C, sealed and placed in a shaker until equilibrium was reached, and then headspace gas samples were taken and analyzed for formaldehyde. The gas samples were collected using a 0.5 mL gas-tight syringe, and analyzed immediately using gas chromatography equipped with a flame ionization detector (GC/FID, Shimadzu GC-2014).
The Langmuir"s isotherm model was used to represent the adsorption data. The model can be written as the following (1).
= 1+
( 1) where C e is the equilibrium concentration of formaldehyde in the gas sample (ppm), q e is the amount of formaldehydes adsorbed (mg/g), q m is a Langmuir"s parameter, the maximum adsorption capacity of formaldehyde (mg/g), and K L is the Langmuir"s adsorption equilibrium constant related to the affinity of the binding sites (1/ppm).
The Freundlich"s isotherm model was used to represent the adsorption data as the following (2). 1/n )) and dimensionless.
III. RESULT AND DISCUSSION
A. SEM-EDX and TEM Analysis
Silver or cooper nano-particles impregnated on bamboo based activated carbon were analyzed with SEM-EDX. The SEM-EDX elemental analysis of AC-Ag revealed the presence of C, O, Si, K, and Ag in Fig. 2a whereas AC-Cu in Fig. 2b revealed the presence of C, O, Si, K, and Cu on the surface of this material. Ag particles seem more uniformly distributed on the surface of the carbon than Cu. Based on the map of AC-Ag or AC-Cu, oxygen is rather present on the surface in the form of functional groups than in the form of metal oxides. Silicon is originates metal from the innate of bamboo. The source of K is in KOH, used in the process of chemical activation of the carbon [14] . Table I shows the contents of elements in AC-Ag and AC-Cu from EDX analysis. As seen, the contents of Ag in AC-Ag and Cu in AC-Cu are quite close to the amount of metal added to the carbon during the preparation procedure (4 wt%).
(a) (b) Fig. 2 . SEM-EDX images of the elements detected on the surface of (a) AC-Ag and (b) AC-Cu. Fig . 3 shows the dark field image of TEM photographs of the metal particles dispersed on the activated carbon which were prepared with the same amount of metal intakes. As show in the Figs, (Fig. 3a) has larger size than Cu clusters. Rough estimations of the sizes of the nano-particles are about 5-40 nm for Ag clusters and 2-10 nm for Cu clusters. 
B. Surface Area of Activated Carbon
To investigate the changes in surface properties due to activation process, metal loading, and nano-particles deposition, the specific surface area was determined using the BET method for activated carbon, AC-Ag and AC-Cu. The BET surface areas for AC, AC-Ag, and AC-Cu were found of 753 m 2 /g, 685 m 2 /g, and 533 m 2 /g. These findings imply that the metal deposition of nano-particle reduced the available surface area of the activated carbon and blocked the opening of pores. Generally, the metal deposition onto activated carbon can cause a decline in the surface area [10] , [14] - [16] , because the deposits physically block both the outer surface and the opening of pore structures. The surface area of AC-Cu is lower than that of AC-Ag. The smaller size of Cu clusters (Fig. 2 ) might block more effectively the pore structures of the carbons.
C. Adsorption Isotherm Experimental Result
Isotherm study was performed to determine the adsorption capacity of formaldehyde on the activated carbon and modified activated carbon. Table II shows the amount of formaldehyde adsorbed on the activated carbon at various bulk equilibrium concentrations. Various amount of formaldehyde was injected into a glass bottle. Bulk concentration after equilibrium was measured to obtain the amount of formaldehyde adsorbed by activated carbon. As seen in the Table, at equilibrium concentration of 8 ppm, the highest adsorption capacity was obtained about 0.425 mg/g carbon on AC-Ag. At the same equilibrium concentration, AC-Cu adsorbed 0.341 mg/g AC-Cu, whereas the original AC adsorbed only 0.264 mg/g AC. The amount of formaldehyde removed in AC-Ag was 1.6 times higher than in the virgin AC at the same equilibrium concentration. Compared to the results obtained by Shin and Song [10] , the adsorption capacities obtained in our experiment are lower. This is because Shin and Song performed the adsorption at much higher concentration (900 ppm in Shin and Song, compared to about 20 ppm in our experiment). The adsorption capacity is affected by potential energy involved in the system. Based on the interaction of a single molecule with a single lattice plane, the fluid-solid potential energy (ε is ) has a minimum at a depth given by [17] as in (3):
where (ρ c ) = 0.382 atom/Å 2 is the area density of carbon atoms in graphite plane. The cross interaction parameter ε 12 and σ 12 are obtained from Lorentz-Berthelot mixing rules. The adsorbate-carbon well depth potential (ε 12 ) and adsorbate-carbon collision diameter (σ 12 ) are estimated as (4) and (5) . The parameters of energy and collision diameter for the adsorbate, carbon, and metal particles obtained from various references are listed in Table III. The fluid-solid potential energy parameters for interacting systems can be calculated according to (3) and the results are listed in Table IV . As seen in the Table, the values of formaldehyde-Ag and formaldehyde-Cu potential energy parameters are much higher than that in formaldehyde-C system. Therefore, the formaldehyde is adsorbed more in AC-Ag and AC-Cu than in AC as obtained in the experimental results.
12 * = 11 * 22 * 
D. Langmuir's and Freundlich's Models Representation
The Langmuir"s and Freundlich"s isotherm model were used to represent the adsorption data. Regressions used to determine the model coefficients minimized the sum of squares of the relative errors in the predicted amounts adsorbed. The optimized parameters for Langmuir"s model included q m and K L in (1) and Freundlich"s model included K F and n in (2) for each system. Table IV . The values also are related to the fluid-solid potential energy parameter.
IV. CONCLUSION
This study was conducted to investigate the effects of silver or cooper nano-particles attached onto the surface of bamboo-based activated carbon. The BET specific surface area measurements indicated that the nano-particle deposits reduced the available surface area of the activated carbon and blocked the openings of the pores. Loading silver and copper nano-particles on the activated carbon significantly increased the ability of activated carbon to adsorb formaldehyde in air. At equilibrium concentration of 8 ppm, activated carbon with addition Cu nano-particles was able to adsorb 29% higher amount of formaldehyde as compared to the original activated carbon (i.e. 0.341 mg/g AC-Cu compared to 0.264 mg/g AC). The highest loading amount was obtained for AC-Ag, being around 0.425 mg/g AC-Ag. The concentration of formaldehyde removed by the AC-Ag was 1.6 times higher than that by the virgin AC at the same equilibrium concentration. It was shown that the adsorption of formaldehyde was highly affected by the fluid-solid potential energy of the involved systems. Furthermore, the experimental data can be represented reasonably well with the Freundlich "s Model. 
